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Abstract

Undisturbed cores of saprolite developed on crystalline rocks of 

the Piedmont Province in Fairfax County, Virginia have been obtained 

using a combination of She1 by tubes. Denison sampler, and modified 

diamond core-drilling. The principal purpose of the core study is to 

correlate variations in chemistry, mineralogy and texture with 

engineering properties throughout the weathering profile. Coring sites 

were chosen to obtain a maximum depth of weathering on diverse 

lithologies. The rocks investigated include politic schist, meta- 

graywacke, granite, diabase and serpentinite. Four to twelve samples 

per core were selected, depending on thickness of 1) the weathering 

profile (from about 1 m in serpentinite to fnore than 30 m in pel!tic 

schist) and on 2) megascopic changes in saprolite character for analysis 

of petrography, texture, clay-mineralogy and r.ajor element chemistry. 

Shear strength and compressibility were determined on corresponding 

segments of core. Standard penetration tests were performed adjacent 

to coring sites to evaluate engineering properties in situ.

Geochemical changes of saprolite developed from each rock type 

follow predictable trends from fresh rock to soil profile, with relative

Increases in Si, Tt, Al, Fe'+ and 1^0; variable K; and relative loss of
n. 

Fe , Mg, Ca, and Na. These variations are rnore pronounced in the

weathering profiles over mafic and ultramafic rocks than metagraywacke. 

Clay minerals in granite, schist and metagraywacke saprolite ara



kaoiinlte, dioctahedral verniculite, interlayered micawermfcu' i te, and 

minor illite. Gibbsite is locally developed in near-surface samples 

of schist.

Standard penetration test data for the upoer 7 m of saprolite over 

schist and metagraywacke suggest alternations between stronger and 

weaker horizons than probably reflect variations in lithology including 

the presence of quartz lenses. Results for granite saprolite are most 

consistent but indicate lower strength. Shear strength increases fairly 

regularly downward in the weathering profile. The engineering behavior 

of diabase saprolite is controlled by a dense, plastic, near-surface 

clay layer (montmor?1lonite and kaolinite) overlying rock which is 

weathered to a granular state (grus), while engineering properties of 

serpentinite are determined by a very thin weathering profile.

Introduction

This is a preliminary report on the study in progress of upland 

regolith (e.g., the material between fresh bedrock and the geomorphic 

surface) of the Piedmont of Fairfax County; particularly of the 

saprolfte which is the major component of that regolith. Saprolite 

Is that part of the regolith which retains the structure of the parent 

rock. It was defined originally by Becker (1894) for the southern 

Appalachians as the:

"...thoroughly decomposed, earthy, but untransported rock." Some 

of the terms used in this report (e.g., unstructured residuum, 

weathered rock) are defined on figure 11.



Despite its ubiquitous occurrence over the Piedmont of the south 

eastern states, little is known about the basic textural, chemical, 

mineralogical and engineering properties of saprolite. Studies of the 

weathering processes which produce saprolite are numerous, and although 

several weathering studies have been made in the Maryland-Virginia 

Piedmont (Plaster and Sherwood, 1971; Cleaves, 1968, 1973; Cleaves and 

others, 1970, 197*0 and experience with engineering properties of 

saprolite has been summarized by Sowers (195^»1963) an(* Deere and Patton 

(1971)» no comprehensive attempt has been made, to our knowledge to study 

chemical, mineralogical and engineering properties.

This study is part of a broader program of investigation of environ 

mental geology in Fairfax County that has been underway since about 197**- 

It is hoped that the information presented here, as well as information 

presented in reports such as Drake and Froelich (1977) should be useful 

in land use planning for construction, septic system design, landfill 

siting, etc.

Regional Geology

The geology of parts of Fairfax County has been described in several 

published reports (Johnson, 19&2, 196**; Seiders and others, 1975) , 

and has recently been revised by Drake and Froelich (1977). This map of 

Fairfax County which emphasizes rock types is shown in Fig. 1.

The major crystalline rock types of the Piedmont of Fairfax County 

are metasedimentary, with compositions varying between arenaceous and 

argillaceous, at metamorphic grades which range from chlorite phyllites, 

to sillimanite schists and migmatite. Next in abundance are granitic 

rocks, predominantly the foliated Occoquan Adamellite in the southern 

part of the County (Seiders and others, 1575). Several other granitic 

intrusivcs n?y or nay not be related to the Occoquan batholith.

3



Rocks of mafic to ultramafic composition form a broad, generally 

northeast trending belt west and southwest of tne city of Fairfax. 

Narrower, north trending, belts of serpentinite are common in the 

northcentral part of Fairfax County. Broad diabase bodies are intrusive 

into Triassic sandstone and siltstone in the Culpeper basin in the 

western part of the County. Unconsolidated sediments of the Coastal 

Plain province underlie the eastern third of the County and are not 

discussed here.

The crystalline nocks other than the diabase are structurally 

complex. During metamorphism they were subjected to isoclinal folding 

and refolding (Drake and Froelich, 1977). Steeply dipping multiple 

foliation and joint planes are the most characteristic structural features.

Rock types investigated.  Rocks In which saprolite cores were 

obtained include pelitic schist (unit B on fig. 1) and metagraywacke (C) 

(western V/issahickon schist of Hopson, 1S&M; Occoquan Adamellite (F) ; 

serpentinite (H); and diabase (J).

General character of sampled units.  The chief metasedimentary rocks 

in Fairfax County comprise^ two "end-member" rock types - metagraywacke 

and pelitic schist - with all degrees of compositional and textural 

variation between the two. At 1:2^,000 scale these two types constitute 

mappable units, and even a third intermediate unit - metasemipelite (not shown on 

fig. l) - has been locally distinguished.

Saprolite on metasedimentary rocks tends to be thick. The depth 

to fresh bedrock in the core holes varied between about 15 m (50 ft) 

and 3^ m (111 ft). For mechanical reasons, several of the 6 boreholes 

were not continued to unweathered rock; hence, even deeper saprolite 

night have been encountered. In the cores recovered, the A and B so 11



horizons tended to ba minimal, typicalIv less than 60 cm (2 ft), which 

matches observations in roadcuts. Comnoniy, saprolite occurred within 

the first She 1 by tube (2 ft. = 60 cm). Downward in the drill hole the 

hardness is variable but in general increasing until the typically 

abrupt transition to weathered rock is encountered. Two characteristic 

drill logs, for pel 5 tic schist and rnetagraywacke, are summarized in 

figures 2 and 3 (columns entitled "Structure").

The Occoquan adamellite is white to light gray, mediurn-grained 

granitic rock with we 1J-developed foliation and textures varying between 

hypidiomorphic and crystalloblastic. Depth of weathering in the granite 

is as much as 30 TI (ICO ft). In the longer of the two cores obtained, 

unstructured saprolite extends to 6 m (20 ft) below the surface, and the 

degree of weathering diminishes in a more progressive fashion than In 

the metasedimentary rocks (see figure 4).

A'very thin weathering profile is developed on rocks of the nafic- 

ultramafic complex (see figure 5)- Typically, the profile is less than 

1 meter (3 ft) deep which is commonly renoved by erosion. Saprolite 

sensu stricto is virtually lacking; instead dense soil is developed 

containing nearly fresh rock fragments that increase in abundance down 

wards. The transition to virtually fresh saprolite is rather abrupt. 

'Where the underlying rock is mafic (i.e., gabbroic) instead of ultra- 

mafic, development of saprolite may be somewhat more complete, but 

because of the close association of mafic and ultramafic rocks in the 

complex, this variation was not confirmed in available cores.

Saprolite over diabase is commonly relatively thin (1-2 m, 3-b ft), 

although locally it may be up to 10 m tHick, and consists of granular 

pellets (qrus) qrading downwards into ccrestones of weathered diabase,

in the core obtained, the grus is overlain by dense clayey soil several

5



cm thick (see figure 6), but at many localities the dense clay exceeds 

1 m in thickness.

Drill sites.  Drill locations for representative rock types are 

shown on fig. 1 (£f figs, 2-6). An additional 6 cores from the same 

units were analyzed but locations and results are not included in this 

report. Sampling sites were chosen in order to obtain the thickest 

saprolite profile (e.g., those on the uplands) on well-defined rock 

types. At each site, a continuous core from the surface to unweathered 

bedrock was obtained, ^nd a standard penetration test was performed in 

a closely adjacent hole to a depth of 6 m (20 ft).

Techniques and procedures of drilling and sampling.  All sampling 

was done with a Mobile B-61 truck-mounted drill. Sampling was initiated 

from the surface to refusal depth by means of 61 cm (24-inch) Shelby 

tubes. Over metasedimentary rocks this depth ranged between 1.7 and 

6 m (9 and 20 ft); over Occoquan Adamellite, 1-15 m (3 1/2-50 ft); over 

diabase, about 1 m (3 ft), and over serpentinite *»5~60 cm (1.5-2 ft).

Several sampling methods were tried below the effective depth for 

the Shelby tube. The Denison sampler, because of its capacity for 

a high percentage of core recovery in unconsolidated material, was 

expected to constitute the primary sampling tool down to firm rock. 

In practice, however, the Denison proved excessively slow. Although 

yielding almost continuous cores, the Denison samples were too disturbed 

for engineering testing. An attempt was made to use normal core drilling 

with a No, 10 face discharge bit instead of the Denison, but problems 

were encountered including poor sample recovery due to the flushing 

action of cooling water. A variation of this method, using air instead 

of water for cooling, subsequently proved to be quite satisfactory, and



all sampling after boring No. 4 was accomplished by a combination of 

She1 by tube and air-cooled diamond core drilling.

Cooling was effected by a portable air compressor of 160 CFM 

capacity. The air compressor was coupled to the water pump by means 

of an adapter, Drilling was begun at 50 psi and increased approximately 

2 psi per 30 cm (1 fc?ot) of depth to a maximum of about 120 psi. A 

sawtooth bit was used until penetration was less than about 2 in. per 

minute, after which a No. 10 diamond bit was substituted. This 

conibination of drilling/sampling techniques was found satisfactory both 

In terns of efficiency and rate of core '"ec-overy.

Analy t leal procedures.-- Samples ?rc~i each of the cores were split 

and processed according to the following flow chart:



SA
MP

LE

PE
TR
OG
RA
PH
Y 

Im
pr
eg
na
te
 
sa
mp
le
s 

Pr
ep
ar
e 

po
li

sh
ed

, 

un
co

ve
re

d 
th

in
 

se
ct

io
ns

Pe
tr
og
ra
ph
ic
 
st
ud
y;
 

X-
ra
y 

an
al
ys
is
 
of

 

un
re

co
gn

iz
ed

 
ph

as
es

 

(p
lu
ck
ed
 
fr

om
 

se
ct

io
n)

TE
XT

UR
E

a.
 

Di
sa

gg
re

ga
te

 
sa
mp
le
 

b.
 

Hy
dr
om
et
er
 
an
al
ys
is

fo
r 

63

CL
AY

 
MI
NE
RA
LO
GY
 

a.
 

Pi
pe
tt
e 

sa
mp

le

fo
rm

 
2 

fr
ac

ti
on

 

b.
 

X-
ra
y 

di
ff
ra
ct
io
n 

of

un
tr
ea
te
d,
 
gl
yc
ol
at
ed

an
d 

he
at

ed
 
si

 i
de

s

CH
EM
IC
AL
 
AN
AL
YS
ES
 

Ra
pi

d 
ro

ck
 
an

al
ys

is

of
 
ma
jo
r 
e
l
e
m
e
n
t
s
 

Se
mi
-q
ua
nt
 i 
ta

t 
iv
e

sp
ec
tr
oq
ra
ph
ic

an
al

ys
is

 
fo

r 
60

el
em

en
ts

 

De
te
rm
in
at
io
n 

of
 
Mn

by
 
at

om
ic

-a
bs

or
pt

io
n

sp
ec
tr
os
co
py

EN
GI
NE
ER
IN
G 

PR
OP
ER
TI
ES
 

De
ns
it
y

Un
ia

xi
al

 
Sh

ea
r 

Tr
ia
xi
al
 
Sh

ea
r



Analytical results. Figures 2-6 summarize the analytical results 

from cores representative of the major crystalline rock types in 

Fairfax County.

Geochemtcal changes on each rock type follow predictable trends

from fresh rock to soil profile, with relative increases in Si, Ti,
3+ 2+ 

Al, Fe , and 1^0; variable K; and relative loss of Fe , Mg, Ca, and

Na. These variations are most pronounced in the weathering profiles 

over mafic and ultramafic rocks, least so over metagraywacke. Clay 

minerals in granite, schist and metagraywacke saprolite are kaolinite, 

dioctahedral vermiculite, interlayered mica-vermiculite, and minor 

illite. Gibbsite is locally developed in near-surface samples of schist.

The engineering tests are summarized in columns headed "Blow Counts", 

"Unified System Classification", and "Shear Strength". Figures 7~10 

serve as explanatory keys for these mechanical tests. Figure 11 summarizes 

the criteria for distinguishing regolith zones illustrated on figs. 2-6, 

and also suggests tests for evaluation of engineering behavior.

Standard penetration test data listed in figures 2-6 under the 

heading "Blow Counts" for the upper 7 m of saprolite over schist and 

metagraywacke suggest alternations between stronger and weaker horizons 

that probably reflect variable lithology including quartz lenses. Results 

for granite saprolite are more consistent but indicate lower strength. 

Shear strength increases fairly regularly downward in the weathering 

profile. The engineering behavior of diabase saprolite is controlled 

by a dense, plastic, near-surface clay layer (montmor?1lonite and 

kaolinite) overlying grus-like weathered rock, while engineering properties 

of serpentinite are determined by a very thin weathering profile.



The following are general observations on the engineering properties 

of saprolIte:

1. Not all of the engineering properties vary singly as a function 

of depth. In metasedimentary units, the heterogeneous composition of 

the parent rock (e. g., arenaceous to argillaceous) greatly influences 

the final weathered products. The mechanical properties of the 

weathered products, such as strength and compressibility are highly 

variable both vertically and laterally.

2. For a given blpw count, the shear strength of the granite is 

greater than that of the more micaceous units (metapelite and metagraywacke).

3- Joints in the saprolite frequently control the laboratory measured 

(triaxial or uniaxial) shear strength of saprolite. Shear surfaces 

often developed in the joint fillings.

k. In granitic rocks, thin continuous clay-rich seams or residuum 

often traverse the saprolite samples. These seams are zones of weakness.

5- Saprolite of the highly micaceous rocks (metapelite) can have a 

very low density and high mica content. It has been suggested by other 

workers (Sowers, 1963, Deere and Patton, 1971) that saprolite of this 

nature may be susceptible to continuous, long-term deformation and 

settling.

6. The existence of highly micaceous or chloritic foliation shears 

may be of major Importance to the local strength of saprolite or rock 

as a foundation material. Where present, these shear zones may be of   

much more significance to engineering behavior of the site than are the 

general regolith characteristics. Contacts between rock units of 

greatly different tecture (e.g., pelitic schist-metaqraywacke contact) 

commonly exhibit shear zones; thick pelitic rocks also cormonly exhibit

shear zones.
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Summary

This report represents an initial attempt to correlate mineralogical 

and chemical variations with engineering properties of the piedmont 

regolith along the weathering profile. Fig. 11 summarizes our 

observations in the context of a classification scheme for the regolfth. 

The present report is preliminary and will be superseded by a fuller 

version containing more of our basic data. Meanwhile, the results 

reported here may provide some impetus for further research in different 

parts of the piedmont.
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Figure 1. Fairfax County Geologic Map showing coring site locations 

2. Meta pelite analytical log
'w*

3- Metagraywacke analytical log

4. Occoquan adanelllte analytical log

5. Serpentinite analytical log

6. Diabase analytical log

7. Unified Classification System for fine-grained materials

8. Plasticity for laboratory identification of fine-grained 

so i 1 s

9. Engineering behavior of compacted materials, as related

to unified system classification

10. Relation of allowable foundation pressure to standard 

penetration resistance blow count for residuun on

11. Descriptive classification of the regolith overlying 

' crystalline rocks for geologic and engineering 

properties (with special reference to rock types of the 

Virginia-Maryland Piedmont)
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